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THE ALLOVIAL DRPOSTT IN DAVMING HESERVOTRS 


The constructions of large dassing resorvolrs on a greater seale hes 
been approsehed only in the lest deesdes, Most of the dem are searcely 
the reason for the leck of data on the 


the greater part even worse, The author kas 
Collected the resulte of known exreriments and digcusesd their merits 
with the purpose of showing how to consider the alluriel deposit in 
a@ practical way ot deln and construction of dom. 


We now geal with the diminutives of the storing volumes only--not with 
tho eleerins of the service water (of sand), Yor the 

of better oxplenstion some encliler dam wi heut storing reservoirs 
be mentioned, 


Process of Alluvial Sedimentation 


Dyery stream carrics solid particles which either ere rolling or up- 
ing aleng the bottom or are suspended and distributed all over the eross- 
section of the eren The first kind is 
Gelled bodies’ the second sediment or deposit both are sicnified ea 
There is no exact Lind tation do tuen hedlend end ad- 
—— Case Gem Sathaeuned tor ehnnced flee or water volun. The 
transport of heavy bedloed at hich vater partly reaches oxtramely crest 
values whereas at Low wmter often preetically it soos Yack to nuught. 
Alione Of #e@4ment as highest values in /I were messured at: 
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Moutly only the deposited? sedimant is mecseure? boenuse the determination 
of ite volume is lees difficult and beenuce 1 represents the fer groat- 
a? portion of the whole (heavy) bedlosd transport, YTublished date 

_ gives very varying statewante about the proportion, The Americans c- 
gulete with a value f (cinkstorte) Ahn hen sediment end 20° or 
vedloed (suspended) Pigg th yg . bedlend wes fount in the 

Mask asi ani en the Yolem (Russie) even only 0.2 to 0.00%." 
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JJ. 
golimentations also play an important mostly underestimated part at 
sections of mount in streams for instance . 
gations at the im near Mirendichl found that % of the trans 
was sinkstoffe,. 


determinestion of the deposited seliment may allew e raw celeulation 
general bedloat freicht but it is not of great interest other~ 
in regard to sedimentations questions whether bedload perticles 
néea or rolling on the bot ton beenuse more and more 
suspended particles are posting themselves at the Jecreasing velocity 
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in the basin. mie pointe to the creater sicnifieance of the sieve 
curve of the complete heavy sodiment. 


Howe it shell be tried to explain the salli proportion of bedlosd at the 
heavy bedleed transport in qenerel measured in creat streama, 


The sieve curve of heavy bed bond in a channel downstream shows always a 
— N of particles, If now the limit (at the middle of the year) 
en bedloeed and deposit (of uniform particles) remains the same at 

a — section of the stream as that of the upper section then the bed 
e proportion downstream mast strongly decrease, ‘The critical size of 
. algo finer but not of a e rresponding agure 

ü Ae fineness of heavy bedlesd, The ex lanatien of the measure 
e4 amall participation of bedlosd in the lower sections of «reat straans 
#eems to uphold the fet of decrense of heavy bedload freight from source 
3 Odimentation in the reservoir sterts at the 
 dnlet (entrance) and 1 in delta formation slowly towards the dam. 
But the bedloe’ (deposit) are distributed 211 over the length of the 
weserveiry the particle size becomes finer and finer townie the date 
The greater the 1 of the reservoir with sinultencous in and outflow 
the greater the fret of aedimentetion of oven the finest particles, 
Reservoirs partly filled and bor a long period without any disecharce of 
course show a comlete (thoreuch) sedimentation, 


So for instance at the lephent Putte Dau- I bm of length where the 
sedimentation alse of the greatest portion of bedlead tank place at the 
upper ki lenster wherese the deposit further teveris the dem consisted 
of finest mad end became elmost neught. Such would not heve been the 
cane in a shorter basin, 
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Any reservoir basin] after the elepse of nere or ess time will chew a 
te sedimentation f it ia not regt ted by especial means, ut 
the periods of time during which a complete eedimentation would 111 
up the basin at eny dam conatrugtion are at least at moet German dene 
extremly long and for thie resem oxelatied Fron our adweneing reflor- 
Nut at many other deme with stronz end heevy bedlosd transport 
these periods are rethor short us demonstrate’ by table 1 where = number 
of instenees are collecte’ whose closer inrceticetéons brines to our 


rt 


a 


moktatentine % wer oO catia yom ae ee en — henn 01 10 


ee ee ee team 255 de l . tae ai dent 8 
ae ee seasen tah 
crews de wan amin ee ante we @ pak’ ter wo 2 


„ cnn 
C e 
e e eee teal ane pi 

Te ee som uate . Be Boxee? 8281 a =e bale 2 moka’ 
ae satvention (donee) Sa Kt 


wit geonw tiavet te oe ee wipe e cadet 2% Oe. 
out 08 See dont footed to ao lever eas Beg cute 0 ate ot ek hey 

hate Lanes cab off anne weden ane aft ae, . 

al? Mem apt er een eee ͤ ene & 


5 ant ae E an a eT e ae i 
es i in Lake 5 > at hes dco 


— 


nnr We eapecially point 
the completely clogsed besine of Laguna Austin Seysen Guinson 
Aer 


e 
are: 


Sedimentation per yer VV / year) 


Sedimente tion per year and im of area subject to reinfall 
a ee oe ee 
/ your and 1 


Sedimentation as portion of besin volume in 0/0 = erade of 
sedimentation = g = 11 () besin volume os multiple of 
middle yoorly sedimentetion in years = duretion = i 
Zsitv (yoer*s) volume of havin in relation te, agen subject 
to rainfall height of deaming (level) « 5 = (aan) 


of heavy bed load deposit „ = 7/8 
bed ond freight por year = 6 — 
Le r , * specified heavy 


1 illustrates the rether crowing procrees of selimentation of the 
pact Bal rearing fig. 2 and 3 show sweller deposits in the Trevemmmocs 
lake (Austria] and ot the dom “reitenzain in Silieia, 


The influenced river chern (slope of bottom] above the inlet of che 
basin and the influence of tho besin upon the river bot tom Yelew the 
Adem (wall) 72 ineidentel phenomenon of the sedimentation process ars 
dealt with in the ovicinel work, “ere wo oxelute thet dissertation tor 
the reseon of Leck of printines spade, 


RATES OF SEDITION AM THe RELATED FNPLURECY OF TEE ANDRA SUBTSOT TO RATHIPARL 
le Gonorelitdes 

In the follewine it hell be tried to determing the influence ot the 

eren subject to reinfell upon the gui bude of the sedimentation 

yg „ 4p dnvesticction of the influence of the roverroir basin 

will be nde in another chapter. 


In order te include the influence iit lhe: Sin Oe Mewes he tlie it or 
indefinite messure and thet all the heavy baden io depend ted in it. 
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Ta thie cose the ratio of sedimentation at the middle of the year is 
equal to that of the beatles freicht. 


The heavy bedlead 2 at d gertein given point of the stroom is 
influenced ro formative condition of the srea object to rainfall 
proper and by the capacity of the stream to transport heavy bedload 
at the section shove the observation point, me many related problems 
for the grester part unsolved will here only shortly be touched. 
The 


Formation of Heavy Redloed in the Area Sbjeet do Reinfell, 
the foruation of heavy bedload depends on many circunetemees and only 


‘geome of the more important will be mentioned, fig. 4} 


ae Topographie comfition, It is obvious that the formetion of 

oe is en of steep slopes than 
in a plane so for instance are the condition at the Alps 

different from such at the armen intormdiiate chein of mountedins, 
Extremely heavy belload transport are often causing (Little) pro- 
teoted spoil. mounts from mining ostablishwenta, The heavy sedinen- 
tation of the Noltwoot reservoir at the Susquehenne lo caused by 
At ‘The almost 16 inch thick deposits cf un are so substantial ly 
mized with coal that the mant considers the retrieve of the 
gon by usine a droicer. 


te rat ge pg and discharge, ere besides the magnitude of thw 
precd on respective of the discharge it io the distribution 
of both mich influcnees particular the magnitude of heavy bed 
load formation. 


% Influence of the soil nature. It may be pointed out that alluvial 
soil couses 2 greater oeeifie heavy bedlosd transport in the dis~ 
Sherge then rock and gedient of all sorte couse a rater bedlond 

trans port then orialtive cneiss. 


A Influence of forests on agricultural zoll. ‘The formatives ef 
heavy bed load in a esoded aren dwindles down almost to naucht, 
whoress agriculture) soil perticular on sloses contributes great 
volumes. 


% Influence of goil moleture, It bes boon fount that dey sell shows 
lees resistence then moiet geil end 16 is known that at the sane 
wren object to reinfell the second lead (hich water weve) momtly 
lees heavy bedlosd than the Arat one, ‘This shows 

way dems im erid serene Like sueh ag in Aleiers or enen 

have their difficulties by the volumeous deposits of bad lend. 


Transport of Moavy elend in Stream Chennel ay 


The stream channel of curse ie the conveyance for the transport 

+h the heavy bedlosd which hes been format in the orecipitation 
area propers urine the peocess of transpert as portions of the 

badload is lest and other portions deposited et the bottem are 
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@arrie’ along, Other losses are effeoted by the flow throuch a 
over raised secticns, de and aiditional belles’ ia de- 
of the channel whieh heve been deepened which 
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Whereas so for we dealt with the diverse influences of the precipi- 
tation area proper and the way und means of heavy bad loed transport 
ion that the so influenced freicht at a certain 
point in turn influences the formation of the stream bettem in ita 
profiles of length mi cross set ens, Sy considering the mager 
data about heavy bedloal transport we may only intimate thet at 
equalized streem length profiles particuler the fall at a fixed 
observed point refleets the whole upper mentioned influences, fut 
thie te correet only at equalized longitudinel profiles that means 

if the flow conditions are auch as the stream at every point of the 
lonsitudinel profile is eepable to carry the heavy bedload from the 
precipitation deposited et just this point further eway so that within 
@ period of time neither e raising or declination of the bottom occurs, 
In such @ case it would be possible to obtein e conclusion of bad 
Load freicht ty an examination of the fall confitions 


Dat if heavy bedload deposit altera tas with sections of heavy 
Apes then the freight at a mn fell at tho begin of a deposit 
section cen be mach greater than at about the begin of a forming 
heavy bedlesd seetion (here heavy bedloat forming enused by declina~ 
tion of the bottom 16 meant) at a far greater fell tel ing all other 
conditions for sran Cupa ty of tranepert should never be 

Ws teken for real transport. 


4, Definition of Influences, 


Naturally 16 wuld be of great importence if the influences of the 
sedimentation probleme at dam ani stream recilntions and the 
sufficient correct coefficients of heavy bedload freicht could be 
determine’, Ow knowledge about heavy bedlosd trensport 3 fer ie 
etill very deficient, len attempts wore cade to esteblish formlas 
for calculations but the founiation of thie empirical formas 
proved to be deficient so teat the formiles mootly do net eevror 

the complete heavy vodloed freicht but only tho tranapert of 
detritus, 


In the knewn formias of bedloed frei ht {not heavy betloed) at a 
Timea point of e stream channel a pars parttenlerly the fall et 
this point se en gane factor, The beat known of these formules 
mre t 
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# te (ee bett wread don) bel Leet hoolied d 4 
ga ttee ode r — Sryravela 
satu eerie Ye aden eet wwe: 


Senoklitsch” 43 G = xf b 
Rreuter ° = mare 
Withels ; G = zag 

A Sienifies flow of water per secant, 


volume of water ct start of bedlead motion, 
meen fall at the wo lest ion. 


A Already mentioned the considerction of J poseesses @ value only 
at an equaliged longitude profile of the stream current. the 

two last formulas are crasping only the magnitude but falsely 

not the distribution of discharge which ie the far better expres- 
ged in the forme of Schoklitech, The finel conclusion fren this 
consideration is thet before we may derive useful relations be- 


defi nition of heavy bedload freight still reste 

at the first becinning, A complete investigation of it in a strean 
chamel from source to estuary so far le not available as the 
author reports, ‘The profuetion of useful inetrimenta for t is 
purpose was approached only very recently, 


for vs d Salt always with heavy bedload freicht that meens "the 
quanti ty." 


tater we will report about the emotions botwaen the condition 
of the precipitation eren and the chersateristies of the heevy 
bedlead (materiel) and of the influence of the mmi tue of sedi 
mentation which eamequently taken placa, 


TES RAYS? OF SEDIMENTATION AMD TAS CONAEGPONDING mee OF THY BRSKAVOTR 


After contemplating the heavy bedlends freight which is identical with the 
sedimentation on deposit in a reservoir or basin of indefinite mesure we sow 
shell investicate how wach of it is deposited in a basin in vagard to ita 
meeoure location formation end particular sort of manarament. 


1. Sie of the Reservolir. . 


The portion a of the heavy bedlead Freight which depeeite 1 taclf 
inereseas with the relotive ats of the rmservoir which in tuble 

1 bas been computed by the storing heicht s for diverse roservoire 
uot 4% One could heve detercined the relative sise also by 

the proportion between men volume of yearly discharge and volume 

of reservcir but this wee not used for a basis of further concider 
tions for the simple reason beemuse theas date chuld not baye bean 
aeeerteine] at most of the instenves, 49 n iliuetration of gige 
differences let us sention only the following instences: the 

Geslech dam cen be filled by the mean yeurly discharge S88 times 
but the “lephant Sutte den only 0.46 times, ‘Thereas at one of 


oie 


e 


. ty 
edt en elan Jom — 


* dere Keek sete n sot eninge old — Ne e one « a 
wen off Te ae Te rene sit ham soe e lee ont te 
«thon te Gt kg n ent te essen nd edt 20 fue 1 1 e d 
e ter musket eee : 


Be crying sa), Ae ea 
eR 0 


them gome kind of discherce of water sees on almost permanently 
there is at the other dem samtimes for months no water cise 
charge whatsoever which of course causes the deposit of any sort 


Whereas the transporte’ bedload of more substential size alot 
always cones to depositing it is the sediment of which only a 
portion rem ins in the reservoir. 


In order to define the quantities the enleuletton hes to be based 
on a sieve curve of sediment with the holp of the fall velocities 
of the individual particles in nter ani the meen flow velocities 

Of course such a calculation neglects the turbu- 
lence and also the flow volocities which under ¢ireunstances at 
great eros sections are of a very uneven distribution, In the 
‘following we communicate sone instances of the meenitude of the 
value a in dependence to the storing heicht a. 


The specific sedimentetion in the Austin dem on the Sglor 
be 5) is reported according to table 1 with 45,5 m*/km” ana 
an eventual drop to 57.2 m= and even lower whorens A heevy 

3 froicht of the Colorado acecraing to more recent measures 
in meters is 228 which corresponds to aia 20%, S fluetunted 
between 0,62 and 0, 40, At further ineressine sedimentation 
& = and Se 0.055 mm) My backed to 15.2 reapettive 9.2 

which corresponds with a, a of , % vrompwetive 4.08%, 


The following values v according to Collet were measured in the 
Smell reservoir Kalinagh on the Aare: 


1014 : 140 a 101 : 190 me } middle 1914-19 
1015 : 186 % „ 20 nef | 33 s 
Loi : 120 mf 191% 04 m™fen* ) 105 m Y 


In 1910 according to Collet mensurements of ecdimcnt on the Sarine 
(ineluding a substantial — of the precipitetion sree of 
Eullnaah] were p . oh efter convorction to sedimentation 
spate resulied in 206 m 


Aecording to en een, of Collet contain the 94 M 16, 84 1. 
I r bedlosd so thet one enn say thet 1919 


of 5 = 206 + only = = 04m thet 16 a = 35% came to 
depositing ( ; ao Lgl made 
The smell storing reservoir Yallnash is situmted directiy above 


Dr The delta meagure- 
ments in the Lahe at Biel previous to the gleiten of tre Fell nash 
a Obtained about uniform quentitics of such at Nallmagh 

iin this ease of delta moasure = 36 to 407% 
jlead froicht are aeterteined, 
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* Saslech reservoir in 1929 it van found that 176,000 me 
heavy bed deposited 97,700 m’ (a « 57, %) ami in 1620 
190,000 W heavy bed lead deposited 109,000 m (a = 67. 4%. 
There s at * stert was 3.5 m Lester correspendingiy lens, 


dt Gans the obe rved pe yd hedleed transport was 405 Mm 
whereas My was only 965 n or G0! here fo @ = %41 . 


The portion of ecdimontation a a poche 100 the more the fewer 
eedinentation traces are mot before don wali. % the deposits 
in the oblong reservoir of Solderfrea in Silesia arent the upper 
part to 0635 on high end deerense towards the oidile te e searely 
visible height to venish completely before the wil. 


Rut at the dem of auer on the oder t ise to ansume thet in ante 
of the great » < 41,5 mm at least before the building of the upper 
renervcira a ubs tant iel sortion of heavy bedloed Loft the rear 
voir because there are still devosite up to 0,0 m thickness be 
fore the wil. ‘The upper letely bullt smaller dens of “oberrobre- 
Adorf and Soberullersdorf have mich amnller a. 


Assuming that (eee table 1) that r = 90,500 m ineluied about 


— 14 heavy Dedlced freicht of the Stream (Pober) of 7 = 
there is for feberrchradorf: 


2. * eee „ At 6 „ 0,4% i 


which gives conform with the upper mentioned values. 


a expected wo find with crowing 5 an inerense of the seticente tion 
portion of the coneurel heavy belloed Freight. 


Of comes form of reservoir sort of senesement oni perticle size 
disteibution of the heavy bedloed sre ineluied in the wlues, The 
greater the progress of sedimentation verticular in a romervoir 
of smaller etoring height the au ler ie the share of the 
quantities coming te gedimentetion, {eee chapter Vi. 3 3 nae 
also at later enlargoments of the dn by slovatine ite we ‘. 
sorve in table 1 the inerease of V from 145 Bm” to Soh tan’ b 


The lessened sefimentation obeoryved during the lest decade is 
ii e i ln eee 


2. Porumtion of the Reservoir. 


At very lerge 3 the formt 10on iv of ne influence on the size whatever. 

Sut at small reservolra where relative creat quantities of sediment 

are discharged with the flow for the bedlead deposits in reservoirs 

of oniform sige by equal conditions are not influenced by the formation 
>) but the quantity of transported sediment ic influenced if only Little 

vesause the horizontal way traveled by the suspended betlioad reaching 

the wall is shorter but ac is the horizontal velocity aller whereas 

in cblong tut less deep reservoirs the way trovelel by auspended bedload 

particles towards the wall is longer but the horizontal velocity is alse 

greater, The conditions of course ere not easily consecived because the 
depositing of sediment is deleyed by the turbulence of the water, 


The fect that the am eifle heevier riverwater lesded with sediment is 
shifting itself at the inlet beneath the ch ared water of the 
reservoir produces a smaller depth of fall but creates at the same 

@ inereased horizontal vyolocity of the amall bedlond perticles, 


At @ comparison of short broad reservoirs with oblong narrow ones one 
haa to watch that at the first no reduced velocity of flow corresponding 
te that short way exists because it 1 esewed thet the weter only in 

a streak from inlet to the storing wll 1 showing a stromer motion 
whereas the side water taxes Little or no part in the motion, ut the 
formation of the reservoir is of such greater significance te the 


Se ‘The Location of the Peservoir on the Stream. 


The proportion a of the sedimentation of course depenis particular 
on the verious coomrevhicn, and other conditions which influence the 
bedleed and form ite properties as: combination of particles their 
size formation (whether efced or rounded) their wicht a. 8. o. 


Se it became a feet that at two reserveire of uniform storing height 
am equel quantities of supplied bedleed the one on the upper strean 
section located reservoir was more exposed to deposits than the Lower 
reservoir »ceause the heavy bedlaad 18 of finer particles Jownrerde 

and more bedlead at the wall can de carried eway, It is recrettable 

te have not encuch experimental deta to compare thie influenee by teste. 


Here a Interesting observation at storing welts in South Afriea may 

; be meontionad thet salts of the water cause the precipitation of the 

5 suspended fine bedleed if the ter is not used for u lone tine and 

; the percentage of salt increases substanticlly at strong evaporation 
wherefore there a fiow has to be orevided it only @ wosk whiriing ono 
this oan best be effected by low lying dischergos. 


4% Operation of the Yeserveir, | 


otha ak er ap Her eee) „. ee & 
welt dme pele nay thi acl toe Lap 10 


a bre ehe ate —— Sten, rohveed bK ae est dade toe 
gence aut? fa sotnwna dud Liat he sheet sag 


here ane be ug he dee, nnn ise June 
ee noe ‘hast Seon n 


Sen te Mee lee ee to ee eee le mged th 
eee ee cult no an ott pi , econ te — 4 
whet ome e aten oF Renee, TNA beta def a 


n ee ah ol ene eas od no e ove 5 ira Baal Lc | 
a Sit ce + eau r aint lee een oF ated K kal munen kg een Hye | 


Misses ak ine — os 2828883 ne 


7 of the heavy bed lead freight canine to sediimentetion 
authoritatively determined by the operntion of the storing 
veservoly chereby such reculations for the discharge of water fran the 
poservoir are means og they are stipuleted in the water exploitation 
plan sot necessarily aiming at the flushing (as will be Later spaten 
of in particular in Chapter VI) which by the kind of operation en- 
pletely hiniers the depositing of a pertion of the heavy dbedloed or 
brings already deposited quantities again to motion, This ere: the 
high water flood water) discharge by overfelle (weirs) respective 
low lying diseherzes and the withdrewal of vater. 


the 
The sedimentation portion of heavy bedlosed ie the stronger the more 
— pe The equalized water conduit is (whieh is eaused by the 
) beeeuse the high water volume with their great quontities of heavy 
bedlesd are comletely trapped whoress the equnliszed discherce contains 
mm volunes of sediment. 
a 


mano isecharco curve branches away from the almost streicht 
ani follows the hic) water points of me supply the anel ler is 
portion of sedimentation, It ie also of importanes in what way 
high water discharge is effceted whether by an overfall which 
of course sometimes carries substantial volunss of sediment (if ite 
thickness of jet ic strong enough) or by low lying diseharges which 
ent seneure are always of greater efficiency than over 
falle or whether the whole original caress section o° the stream can 
bo meade free for hich weter discharge be adjusteble weir, 


DEGREES OF GEDIMENTATION AND THYRARILITY 
Decrease of Gelimentation Natio by Growing Deposit in the servir. 


The questions of sedimentation ratio end durebility of a reservoir 

ave of foremost interest to any desienin«e en iner that means he wants 
to know what portion or daes of hia storing reservoir will be leat 

to hin in a yoar and how any years it will take to render hie reservoir 
preetically useless, 


Aecording to the example on hand deerestes the value a constantly et an 
icdividual reservoir with inorsasins deposit and correspandingly 
decreasing 6 until it drops to nauamt if the atete of imertia is 
reached, ‘Therefore of tracing out the mmmery curve of the — 

ed dammine ron w obtein a curve whose sateen Initial 
tangents tae a incronsing flat course until the curve ep reaches 
7 wa the horisontal at tie height of the cenmoity of inertia 

Se Ole 


iv 


The enupacity of inertie Inch eorrespontsa to a fized stete of inertia 
at whieh no gedimentetion ae clase for longer eerlode of thugs 
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for many reasons prectical impossible 

absolute pure inflow end discharning 
bedload) without any dawdiar (perhaps 
weir ay] then the capacity of inertia 
Like the original, ‘the more often the reservoir is enpty and 
1 1 through the discharges of aufficiont 

© eapacity of inertia. “he capacity 

also forza a the greater part of the 
eepacity as yh stering heicht a is smaller, aturally the 
mostly rather irreguler course of the sedimentation summery curve can 
for co purposes be substituted by a theoretical curve with the 
equation: 


e 
lh 
i 0 


Tt, = e ee (1) because a single (high water) 


flood con enuse a stronger increase (growth) than 
the supply of several years in more oquel charge periods, 


In this equation I’, signifies storing spree (volume) not subjected to 


‘since start of operation up to the time of obecrvetion, 


The sedimentation in the n th year secoriine te this equation ic: 
PTTTITITITITITIITI LITT TTT Tre 
Because Always a 1 is, Vy derenses. 


The proportion of sedimentation a of the heavy bedleed freight in the 
nth yen is: 


— TTT TT UTI TTT T TTT TTT TT Tend 


The sedimentetion grade ¢, in the mth year is 
also deereaaing correspeniinely. 


4066666666666 „% (4) 
Durability. 
The durability ia to be e buted fron equation (1) ente v x a, 40 


esse s e ese et se e c 18 

* 38 given by the operative ceniitions, a = 

ot the design of a reservoir is either to be 
estineted rem similar instances or to be come 
puted seceriine to an obaervation of n years from 
enution (2). 


n 


“lie 


foremost on the oneration of the reservoir, 
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the axthor bas computed as values of a et: 


austin Sedseceevenesoeses @ 978 
bee & & O98 
Lake Penick %%% „444 „ & = 9.94 
Lake orm. eee h 0, 97 
Nock „„ „„ & * 0.939 


Short aurabilities sienify a i values a end creat durabilities at nf 
great values a. 


The upper mentioned celculation methods are to be looked upon only as 
first experimental teste, e still do not have enough oxporimental 
date to stipulate general izat ons. 


At vory large reservoirs a will remain constant = 1.0 fer a long 

period, Hirst it decreoses correaponiinsly if quantities of sediment 

ge over the weir are discharged by the outlet at the bot tem, Artifielal 
interferences as flushing ani other means which are highly 

at the seme rete es the sedimentation has proerossed wore neglected, ‘the 
durability ealeuleation in table 1 represents only a quotient of the 
whole content of reservoir I and the meen yearly soiimentation of the 
available experimental results, ‘The durebility on one hen ic given 

os to short beeeuse no later progressing deerecae of a had been cone 
sidered and it hed been overlooked that e portion of the sedimentation 
volune above the desing goal and so does not Aninise the 
original storing space (eee fic. 1) but whet for a part is retrocraded 
by the feces of writing I inatend of 227. 


Pollowing are som: inetencer of complete sedimentation of room I’ and 
of reaching e certain state of squilibriun: 


At the earlier mentioned sew stin leke now is only a relative a l 
wem (space) stretching slone the length of the reservoir which is sot 


At the weir of Chevres on the Rhone which completely »eoame gi 
(oxtept of a flow bed) after ton years of overntion now not only the 
send but the r vel also io transporte! Like formerly in the ehoamel 
of the mens preparing the same fate fer the lower eitueted dem of 
Cheney Pougny. 


Mostly it will happen that a fer procressed but net definite state 
of sedimentation pern another condition of equilibriwn for sections 
of bedload deposits at the inlet as for the deposit sections further 

a the wolr, Go it was agcumed thet at the dan of “nex on the, 
lh ge ig geetions of the Firat woah be 0 mw 
and ef the second « 
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1. 


Viewed in geological periods of tine a natural or artificial Lake 
signifies only a short termed disturbance of the state of equilibrium 
of the stream which is eliminated by deposits. Collet says "The history 
of a lake is the history of its death." Even natural lakes disappear 

in remarkable short periods of time. So Krebs” mentioned a chart of 
Tyrol from 1774 mich contains more than hundreds of lakes not exist~ 
ing since. Accordingly to him are all those names of towns and 

counties like Seeboden Seealp Seeberg Seewiese pointing to former 

lakes at their situations. 


Particular such basins passes through by great streams (small s) 
disappesred first (Rosenheimer and Salzburger. See) whereas the greater 
lakes still existing have only small contributaries. (Worther See 
Achensee Zellersee Ossiacher See and others.) 


The delta of the Rhone in the lake of Geneva since the old Roman 

time has advanced fo about 2 km for that is the present distance of 
the port Valais (formerly the harbour city of Valesia) from the lake, 
At a progress of the same ratio the lake will be filled up by deposits 
in = 48,000 years and then form an alluvial lowland. 


Lucky enough most of the dams do not suffer a substantial decrease 

of their capacity within the usual periods of deduction. Wherefore a 
complete sedimentation oceurring much later does not mean a loss of the 
invested money. But it may mean the loss of a desirable dam site for 

the future generations and that is certainly of great importance. 

This very question is of particular significance regarding irrization 
dams in arid areas where es already stated an especially strong 
sedimentation exists and so in due time cause the elimination of 
artificial irrigation just by the failure of water storage and so turning 
back an once prosperous agricultural land into waste land. 


In the following will be shown what resources are obtainable to stem 
the progress of sedimentation in difficult instances. 


PRECAUTIONS AT WATER RESERVOIRS AGAINST SEDIMENTATION 


Generalitics 


The method of precaution ean be divided into three large groups of which 
the first one should hinder or lessen the entrance of heavy bedload 

into the reservoir: the construction or precipitation area and pro- 
tecting dam. 


The second group effects a protection by dredzine the deposits or 
flushing such. 
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the third group consists of considerstion of the disturbing deposits 
in the desien by providing an effectful sedimentation aba (or 
d wir, 


by 
Obetruction in the Area of Precipitation. 


A very good method particular at dans in hich mountein rections ie that 
for the diniaishine of the process f fornetion of heavy 
load in natural stramm at areas subject te erosions 


bed 

But this method te ineresse the rerio! of usefulness of a reserveir 
proves to be & very expensive one because it requires an ares of 
imeense expansion for the ereetion of the obstructions, 


but a complete stop to the forming of heavy bedloed in the area subject 
to erosion can never be aecomplished and furthermore would not even be 
edvieable because it would disturh the ecuilibriws of the stream, ‘The 
atream at any changes of transported bedlond volume would reset wi th 
corresponding changes in the cource of transport velocity and eomdition 
of the ¢roas sections, 


of the heavy bedload transport shove sicnifies 
6 decisive point of the sean course of a stream the gane thing then 
} deepening of the bot ten., If 
the sresent bed of a atrean (as often ia the ease) for great distances 
rests upon a diluvial bottom filled by grovel then the obstruction of the 
the ores of erosion bencath a fined Limit would 
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heavy bedload from this a tore. 


The construction and buli laing of such approschments in a determined ares 
mostly demands many years perticuler if the finished construction 
should aot prove to be of sufficient offeet then it may take dende 

of % the dan. | 


In an econonising esloulaticn of the reforestation af the ares (gubjeot 
to reinfell) of a storing dan (seutheaat of %, hes been found thet 
the reservoir 40 years efter completion will show not 3/4 but only 1/4 
of ite apses taken up by decosits, In addition to this agresshle fast 
comes the va of the forests 


The delta of the Yo during the later centuries showed a three times fontor 
progress than during the medieval period the cause gf whieh is pointed out 
““ ‘therees the construc- 
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of the meesured deposits in the ieler lake (see table 1) 
ite cause in the extensive course reduction of the Aare whieh began 
in 1878 and whose effects may gradually dic, 


a Protective den with by pass channel, he fundementel 1d of 
this construction is to catch the heavy bedload at the approach te 
the inlet of the reservoir in order te coniuct it by the way of 
® by pass again beck in to the stream, A q@unll dam construction is 
erected mostly any way negese ry during the building period as a 
trap dam fron where then the ereeter portion of flooiveters trans- 
vedleed is conducted through the by pass channel 


sorts were used, Constructions having galleries are at: Amaters 
Gorfine, channels: Purens, Channel ani galleries: Shongwoni. 


A proposal to use a large fron conerete tube for a by pase through, 
the reservoir has not been realized for reason of high expenses. 
uch a storing den with by pase channel is suited for reservoirs of 
power plants only which have mall storing heicht (level) 6 ant arg ,of 
emall length. o for instance was the important weekly dem bun tog 
(Fig. 7) particular endangered because of {te amall a (-the moan 

Load freight s = 100,000 m is half as Large then 
the dame) and had particuler be protected, The 
necessary by pass gel lery measured only 283 m of length. 


must heave the enpacity to take care of the crester 
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At Ameteg is the HG, 200 
gallery b « The by pose hes alueys to bo of 
al measure and ie only possible by great excess of water 
ie mostly corresponding with the upper mentioned @amali storing 
„ These snail and very short reservoirs with the great oxeeas 
ter are also mostly those at whieh flushing shows cool results 
in individual ceses it should therouchly be emmsidered whether 
& reservoir should be perfected by on expensive by pass or if the 
flushing method should be preferred. The at dan construction always 
mecessaxy by pass das not need to be constructed for euch creat 
flood weter voluses end does net need such e careful construction 
es in our ease had to be provided in regard te the dileturbine ef feet 
of the shearins force, 
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Instead te construct by passes one could think of tekine the roger. 
yoire fully fron the stream valley and construct it upon the table 
Land sideward or uncon old valley botteus, ut that would at beat 
Tesult in too email storing volume of water. . 


be Protective dan without by pose. The <retestive dem without a by 
pease channel entehes the heavy bedload at a detreasing rate and 
in consequence of the anal! s only durin a definite short period 
and then loses ite whole value. The genere. advice therefore is 
to abstain fron construction of such deus ani imetead of It provide 
atorins room by a moderate heichteniag of the wall of the macrvodi.s 
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7% 9 2 . me ete 
‘ . . full efficiency only at an eapty reservoir, 


Bed GP Phe ends of ouster boden den be Graken’ und und 
placed to other useful purposes or if it enn be transported ul u- 
ut greater expenses and diffie.lties then the situetion of eourse 
ie aifferest ant one hes here an exceptional woll prepared material 
u a not too deep and bee large plece, “nt thie sarepesi« 
ticas are most not economically warranted se thet in Sonn auch 
@ proteetive den appears to be needless, 


Different again ere the conditions et prelicinary reservoirs of 
rr 0 


In thie eonnection we s alli mention the dome of the approaching 
area of natural streas re ul ens which in vocerd of their small 
@apecity are locked upon as Firat wakeshift during the construction 
2 An the area of erosion, Although no enduring protsetien dy 
dems hei been expected their durability in the Alps were go 
AA green ly short that by sufficient at enten the construction is 
ove been undarte an {see table 1 Aviso Lusechard 


flushing we meen the rewrnl of dopesited celiment by the haly 
e waterflow which carries sway the material mostly throuch an 
in the wall, “arlier t hae been said thet any plent 
operation disc arcing water from the reservoir at the seme time 
would show a more or less offeetful but ueuelly very amell FAushing. 


Vers is a repert out the cheracter of fluchince ty hand of « 


Gisoussion of the factors faverin« ite efficiency. 
Plushines are the mere efficient: 


the amiller the stering height at fluahine 
the greater the Clushiag stream at dianese) 
the gronter the flushing outlet (discherce) 
the lower the edjustuwent of the outlet 

the more fovoreble the Locetion of cotlet 
the greater the endureses of flushias 

the harren the reservoir (steep bank) 

the srester de former fall of flow in the soverroir 
$he shorter the reservely 

the more straicht the reseryoely 

the further to oreeress of deposits 

the lier the particles of the sedimentetion 


the younger and the lesa eaked Sage ther the sediment of ae % ie 
the rounder the ee particle of Bertier em © man 


ie pointed out that the flushing by the wey of any outlet 


eh Soe 


5 Are ‘i 
— ee aE 


5 * 6 atk eee eee a to e 


. eie, 
ien 


The efficiency et restreined dacsing is 11 4 te to the closest naurnens 
of the outlet beenuse the diveherge corresponding to the present rate of 
pressure is covered by the supplying flow from 11 parts of the reservoir 
1 also from the upper whereby the mean velocity of supplying 

low io greatly detreseed exespt at tho closest nearness of the outlet, 


This velocity already ot wali distance ie not streng enough to wring 14, 
med Sand or perticies of «revel inte motion (see ales tests of Sehoklitech, 


It 16 different if the diccherge of the store! water ie a complete one 
then a very deep chennel 18 at ing ite wy efter short time stream up. 
The ad crowinc of this channel hes ite eouse in the fact that ot the 
point up te which the channel just reaches a steep boller slope rea nes 
w the original height of the deposit over which th vater slunges. 
* empty reservoir sicnifies interruption of opere tion. 


a 
It 1 possible to interrupt the operation if at ders for power generation 
represents & K e complete econony of compound further if the ster 

ine heichte ts het too gront so that the refiliine does not take too wach 


@ Magnitude of Flushing Stren, 


In view of the former bastel statements we will is the following know 
that dy us Mas in general a flushine o” the empty reservoir to meant. 
Zt is clear that in general the effeet inercases with the marnitude of 
the flushing stress, The flushing dus great losses ef water unt eh 


of tie fluching stroom, 44 fixed measures it con be observed thas with 
-wWolume of flushing weter e cradvel e beet of the distenes of 

Gonmming reduces the flushing performance, The size of such eutlete 

for the diceharce of flushing water hes te be proportional to ite volun 

@r vice verses, 


— of the limitetion in meeeure at the construction of out lets 

A ierten ties particulier if they are also used es an outlet at the 
vo at substantial storiag seivkta ze especial flesd (hich) water 
is there aged tor nun wat only procertional volume of ua 


Here follow same atatemonts ia regard to sueeecsful las hinge at 2 

Spanish den & ee ae | oe 
with water wok from 2.9 to To? , wee. 

— 1 1500 nde end WO = Sel? nes. 


Greater volumes of flushing water ure needed for storing reservoir 
92 1 ane proportions) low dese in iowlend avese where the ‘ell te Lew, 
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Other reason eleo will make a more or less dispense of dewing asdewsnry 
at Lf eo thet the mumore, odjusteble outlets eliow the diccharee of 
great WY by extremely low dein ‘he moveble parts of modern air 
whow euch cleer widths that the few ahl piers de not obs truet the 
than the piers of a bridges. 


Particular great care had te be o served at the bulldines of the dans 
. The olf etre of de oou+ 

N 1 th right cointed out thet every dan 
obvatrusting the MW in their unhindered course to a higher degree wild 
eonsequently show rant eodimentation and deposits, It was for thie 
reason that the dem of sequen hed not been built et an espeeial ly nerrow 
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for N. The well hes 140 cutlets at 
"and 45 leying sonewheat Mer of 7 m° opace 


N 
14 
fu 
at MQ = 10,000 1/860 10 by through heey = SE,” Lit atone 
Walch ean be produced by a dacnine of 2 te Sm Wy 
precertional pure water of the white Nile is store ung after oxptire- 
tien of the irrigation period appoer the , of the blue Wile viieh is 
blen on heavy bedlend but is not stored August to tober and this 
waters an whetecever of bedloed may heve been deposited ao 
oh eee that a ö to newer investicetions the sedimentation of the great 
Ly veserveir ig fully ineconvi¢ersble, 


The following clreumetances of course represent deteraining facts of 
5 the fevorable flushing effceta at Assuan: the lens perle of Pluchdag 


ri (@everal months of undes wd water flow) the anall proportion of the 

5 weserroiy the fine particle sige of the deposite the Ay early 

oe rhei ten of fluching@ Metso, (, Bilao Pigs 8). 

15 

4, Aevatlen of the Flashing utlet. 

; The lower the oleytion of the outlet tie higher are the boller slopes 


* ot respective ratio of ssdimentstion and the better is the eroding 
5 atfeet of tie flushing stress, 

Of course at tent en has to be paid to the sluice whieh way under 
ciraumetances be oneked by hoary bedload end thet should be hinderad 
by frequent attendance, 


This at eny rete bes te be dnss red at the roset because it Lind te 
the low level (Tiefenlase), 


Se Funden te len Situation of the Aubing Outlet. 


Some parte of & roservoir of peculiar imurtance (for instance before 
the avypreach conetruetion) oan be weet free of depesita by the ream etive 
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many d a certain stata of ecuilibriun is shoring 
by the feet thet the channel neither decpens nor widens thes 
flushing becomes needless, At the Spanish irrigation dena 
tien of the irrigation yeriod endurcd 

not et dieposel by storing reserveire 

ie bound by the most effeetful “it days 
longer man for one week as is 
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of vator- Hours of Total Tele Ronoved The seme Volum of 1 1 Vole % heavy 
. — . flushing “a "8 per hour of vedlond flush 


— * W water 4 5 
N 10 4. 4 7,0% 7800 185 8.4 
86 1% 835,000 3870 8550 1.82 

88 11240 198,800 80 1 


Finest a few hours of aourse have only very Little value, 30 
‘the regerel ef crestor quenti ties at the Ianwerk had soon secommiishet 
 @nly efter a general repair au which the reservoir was kept oupty 
: | AOVES « reported how a aud bank af 800 
— formed direetly abore the velr et the immerside of a curve 
ever helf the streas width bas been gradunly rene. 

This oad bank eppeared ard on the frst de” at the water levels 
“By elimination of the enter crose section over thie bank rem ind only 
the helf of the atrena toveris the concave shore for the flow of the 

wre, The reduced cress section of the stream enused tnerenced 

a “Welocity of flow end e stronger attack upon tho amaaes of mul, A bar 
the ring of the water ral the Inn broucht of @ NY wailed 

within te to throe days removed ell the sn sneses, Gurprieinely 

dul ene the shiftins of the slope adige on the woterei4e of the — 

@une toweriea the are, At the bromies$ point on s sinele day round 40 

n were corried off, At this igaation 8 the eee e aan thes of 

wed wore estimate! at round 490,000 
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| Mew we will shortly deal with the properties of the reaerveir which 


exercise a decisive isfluence upon the flushing. e umieratand thet 
the flushing effect ia the strenger the greater the shere of the channel 
width { | brenn] from the entire width is, At « 
qual reservoir with eteop slopes greet portions of the masses on the 
asides the chanel and carried awny by the flow, 

The charester and quclity of tiie mosses naturally is of sicnificanes 


the qnuse of such Lenéclides; fineness of ground rede of moleture 
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It ie with lueky coincidence of such circumstences (short steep 
— 7 reservoirs) which at a sumber of well known dens In Spain: 
Puentes Alicante Ache Tibi a., through centuries in spite of 
heevy bedlead trensport of contributery streams hes to be 
tg thet the efficiency of these reservoirs con still be min- 


. Beight of Sedimentation (Deposita. 


two weservoire under othervige equel eonditions but with 
te of aifrorent devalopment we find that the quantities fiushable 
with equal vonne of enter are greater by further developed depooits 
beeewse the fell within the channel is «rester et the becinning; or, 
With other wore: all water volumes enn move roletive rent quantities. 
Put it is to be taken inte aecount thet these quantitics aner 
circumstances at normal fall of flow will desi une len the 


weir and are set removable. 


Of the properties of the d oposite we finally will mention: 


ready bee: said that the effeet of the flashing etree in 
it Peidth ts o> much totter ts. the deposited sdinant 1s mde up 
jn hag sige, Yurthermere this fine messes are iying nearer 
the weir and need only u mederate shearing fores for transport. 
—— difficulties are encountere? by reservoirs t mau¹n⁰̃ stream 
with rich bedlosd tranaport, Just for auch reasons has the by pase 


tg mis wot snare ah e — 
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ahn 12 ! a ces at ane 
Pouch bedlond and to forego eny diffieulticos at the flushing of the 
nod zent which devosited within the reservoir, 


mi The Individual Perti¢le en of the Deposits. 


95 Schenk tech dn hie teste bas demonstrated how fer the form of the 
. — (eau, of the sediment whether rounied or Flat exervises any 
undes. 


4. 4% end Adhesion of Sediment. 


jedlesd which settles wen the bot tom to became a compact deposit of 
A ethesive quility separate their moleture in a bicher grade and ts 
, saturaliy more 4iffieult te remove then loose levers or greatly estar 
helding younver deposits, ese deposits often take on no water with~ 
out a mechanics) upwhirling, Another difficulty particular ot alpine 
waters ia the that the bediloed quickly becomes e wees of substantial 
adhesion, 3 reported thet the gleeial streams ami far spread 
01d moraines carry u fine bedload of strong binding quelities consenting 
even the newly formed benks of sediment, eden made up by lime shows 
only Little adhesion and is sore faverebly for flushing. 


Keanerimecht reported of the flushing et the Inn slent that the crawel 
at several on the bot tem has formed banke caked like conerete. 
The af depesite are perticulerly influencing the fall of 
inertia finnlly reached by the flushing chanhe 1. 
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de Wang of Inereasing the Pushing vreot. 


 simost oil often proposed capecial moans of preventing the sedimentation or 
fer elimination of de vesite den here be cummerized as resources for an 
ss dwerense of Pushing offeet. 


Meet we will investieste: 
de The Flashing at Onpty “osorvoir. 


We soint out the artificial proijuce of d somewhat eroutor volume of 
flushing water by 6 1 from a reservoir ebe or repeated I if 
i circwsetencen--further the repeetad partase reuters an 
and oxiden discherce--further a concentration of eater vol den 
marrow chamele, The latter method wae epplied te the day storing 
— of the water power plant Benglmok: cee net Ang culdine 
walle (fig. @) ere the flushing proceeds in a way that the entire 
water volwse at disposal (er ter the lereriag of the water level) is 
through one channel en whereby the inereased vel dei of 
. flew earrica away the mud between the euidin: walle, uch e conetruse 
a tion at am 1 reservoirs ie only then ceenomieally sfvisable if the VT 
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P would profuse @ very quick sedimentation (dep dene 
— it the — of the — is of particular Were ie 


The Amper tant sidewiee tressport of meses up to tho Muched channel 
ie often done by hand sonetizes ty the use of compressed air or vb ar 
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Se Flushing at full server. 


the interruption of operation omused by a er fimsking ani the 
desire cf a permanent fluahing or to wee the dammed nter for this 
work leade again an again back to propoweia of flushing a filled 
reserveir unter ane tanes of apseial resources. 


The effeet of e flushing outlet in the wall 1% lu Limited as it 4 
be 


„ In the sade tubes of in are at any pointes 
A through which the water enters rapidly {if aul ether 
} ant is thes ¢iachareed by the opin 

inetrunents for adjustment of inlote reach above 

alin Ah ty Male ean be reached by the help of a boat, ‘two 
euch inlet cover em be uned for feeding (ay 
eovera from bed lead which may heve deposited upon 
ter then this rigid system ia the often propaganda 
wethed with ayphont,. Tasta te connect the outlet io 
with the tubes on the bot ten the outlet new is connoeted with 


the vater. The guetion nowsle at the end kept wt the water surface 
@ greater Her {upon whieh the veowan waup also ia fastalled) gan 
qperates at any point of the resorveiy. It has the ome effect — 
en Aran sud @ gutting howl may be adjusted te the lower ond 
more nne macses of depomli, Jane in at the clearing 
(Algeria) hed good reeults with thio metho, e. 
of deposit within these years. 


A Vogt™® propenod for e similar method self priming ayphons whereby tae 
vaqus pump agerecete ia cconumineds 


4 an 1% eppears as if this proposel of Vogt ie wiven 
Vola where 


ey 
interruption of dn operation by — Pushing 
ion yankee ato bo oveided aud where the contribatery stream earry 


e, Something about the Construction of Pushing Cutlets and Operations of 
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1 ahh tae protective methois of sediment remerel are these amided at the 
ancient Coonieh irrivation dave balld wy the Wore of er eee eg, Aras 
‘there the proteetive work to cave the reservoirs fron becening wroless by 
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this mothod had » set back ss ones begun it could set be belted 
wherefore Later « iron sluiee hed been chosen which was oechanically 
operated (Sabre Meeris a,, f.), The enormous measure of this sluice 


of only a very ale opening beeause the chan 1% had to 
be of or ee in regard te the larce outlet end the creat 
water pressure end this consequently caused the Loss of creat valuable 
Wolwees of water before an offeetful cress section of e flushing n Lery 
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44 
se difficulties are wikmow at most dame because the flushing outlets 
mally of such aller measures, Gut this feet in turn renders then 
effeetful for disesarciac of mri masses, 


iE 


euther on the basie of his investicatians comes to te conclusion thet 
A eames where © natural flushing (in regard to substential transport 
Dad found noseasary or allowed e -oesiblest Large Much- 
ahonen. 
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for @ quick discherge in e of aay dan gar 
end for emptying et case of rin ten or flushing, nee it pere tes 
enter pressure it ¢an be constructed in s eh creat mesoure an requdred for 
outlete at eventer etering heights wher: fers it soul! pre very prag ien 
$6 Asta the flushing disc:erce at the side of the ‘weit oublet ani 

@o fress on operation under vreacure, 


DEEDC TESS 


Dretetags of dam reservoirs ere orovided in auch esse whore the buliding 
of © by dens is impossible and were flushings are not sucesesfal be 14 for 
the remem thet the reserroly only seliien eon be drained or that the ovesent 
finehing outlets de nat comply with the usper requests of thet the gts g K 
ie too bread for therouch fluehings or toe stoop or finally whether the 
particles of the deposit ers of too coarse sine, Mostly used are fleet 
bucket chain or better sugtion aredger operating at moderete rater 
level in the whole area of the Am but at Hicker deter levels Ey et the 


3 92 Fug her e- is the 1 yart of toe rarer hoeause dred ing of 
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was den (4vinking water) Loch Raven of the city of Baltimore, d. with 


ee ̃ũ tate de county feos aun 00 that 
unn @ Gaee the bedleed better should be trapped in a forebay an later 


of the dredged quantities ef course hes ite difficulties alen 
to for ite ideal quelities for building ourposes ie mostly forbidden 
by the great disteness to the site of respective buildings, ‘The other way 
of dispose) by duaping it into the stream again below the dam hae also ite 
gethacks in the fact t 
dows 
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He 


tint thebtream in eommequenes of the great drew upon 
not retain enough sheering ‘terse te transpert the dumings. 


proposed to transport the droiged deposits from the storing 
lake in Loaded throuch chaunels to the shipping placer slong the 
lower stroe: section, n the other hand 18 to be seid that the dretred 
mannes represent an ideal material for revetments at shellow shore areas 
within the reservoir because this sal leu ores in view of ite cout orice 
comtributes only « anal) volume te the reservoir, in hot countries tuis 
shallow areas alternately in, avy or formin: swamps ore regular breed due 
plaees of fever. 

wo 


vk beacuse the dredged space fille up the quicker - 
the greater (he volune is aleve the which is created by dredciac 
becouse the sedimentation here a correspond ini. 


ALEVATION OF THE DAM 


it rly enn rig vey ser pe tes pring Duy sca: loa 
not be freed fron the deposits 1 ® heightening of the daa 411 
provide valueble volume of great prepertien ani stoultansoucly warrant 
the retention of the dem sing 2 ror, 1a tenen has the und dam (Tn 
Irre un after 22 veeane u d dows 
3m been brought te 17 storing eapacl ty. 


to an 
Theeapacity of tho Allen 4e nag dwindled dow for 49% but the elevation 
of its dex increased 1 from 35 he” te 128 hm’. 


r ̃ ̃Ä .. 
thin 14 yoers (table 1) reeehed with ite acw reserveiy ! 
¢ thie hee been socomliched in 1960 by on elevation of the dem 
r 2eS0 my The dem serving an « any reservoir for the power plent 
‘The ity of Weilburg now dredges | ehowt — te 80,000 m° 
San per year fron the rerelles dum (eerrempentinge te the aan 
af heavy bed lead in the Serine) ae thet with these éredciace 
2 the Bum reservoir probably a state of eculliheius hes estenliched 
bel. 
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that hea been 


| A Capacity of 1,95 bn” hee been rendered useless deen bo 15¢ 
9.9 of the 1,93 


he” at the 2> yoare emo. IS oom Pease 


by the use of a sugtion dreiger, Thon 6 small reservely of „ bar 
wea built directly ebeve Gait cues senemeely canis in See eokanne 
ere the Loch Reven dem well in 1995, so 


1 rern 


9 
tat difficulties have not to be expected for centurion (table 1). 


Figs 1 shows the elevation of the wll of the reservoir of Steyniurchbruch. 


Tho atetic @ nditions changed by tho deposits ere always to be ebservei 
but partioulerly during dam elevetica, e knew little about the aide 


vat. 
eon be greeter but ase smaller then the res ctive preasure of waters 
On one hand the spesifie weicht incresses in following augen: water 
maddy water wetery lease mud aud in dense (compact) layers (deposit) but 
on the other hand the decresse of pressure in consequence of the inereasinc 
Finesse of thrust bos again to be subtracted, 


SPACE OF SEDDGATATION (psPoatr) 


Sometines the feet of sedimentation 1s accepted as on unchengwable evil 
and the weoorvoir ie dent ned with a corresponding espace as a protegtion 
a the Blephant ut to reservoir on the ie 
moh greater proportion an the present water 
reg, At Oved~lodde (Algeria) a % lew sedimentation 
been provided at the new Suentes 11 5 bm” fay oo 
the water economical investications of the 
a space of % tm’ bad been sot aside as a 
sedimentation room, The space taken up by deposite aecerdingly to al) 
r aid vente of tee grearesie 
pertioularly at power water reservoirs, Valusble econemice) enercios 
Qn storing volume partieller euch existing st greater heicht ere lost, 
Tt follows thet by equal sedimentetion quentitios the total sterin« eners 
aeeronses stronger if the heavy tedlesd twunsport of the contributing 
ie of voucher aise ani therefore deposits auiniy et the upper cece 
tien ae if it were of finery particle s oni Win T1118 up the other. 


1190 


wise anyway not useble "dead volume.” The heavy deposit is more moved inte 


the “dead volume” (epece) by frequent lewerine of the ter level, beqause 
every lowering siznifies (to the upper part leid free) tho suspeeition of 
the earlier deseribed “flushing effect at pte reverveie,” 


r SROMENAS AT TH ~ROrserion of nae 


Ae Investigation (to be erfand 


«AH Anvestigetions of tie aedinentetion dengar which hove to be per- 
 «-« fommed et the projection of deme on atrenns treceperting heavy bedlond-- 
‘by Small @ eles et relative lesa eS tens pertine streams «« 
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me determination of tho heavy bed leed freight of n tlw unit will agin 


ami a gain de the given tesk, Yo be determined ia: the heavy De Tt 
freight of the undenmed streem the portion of henvy dd load freight 
not cama to sedimentation in the later reservoir fovrerfeli 
Giseherce 6.8.f,) the quantities movectle by artificial means (Tus 
ing ard tag 8, % fe), It is regrettedle thet our knowledge of the 
Peletive connections are so Little such as concern the . 
of the precipitetion arte the course of the stress the reservoir to be 
awl the sort of requisitions to hinder a seiimentaiion 
(forming of deposits) respective to remove those deposits all of wich 
could afer date of the magnitude of deposits, ‘“‘herefore it becomes 
negeseery to more extra syatemetical rostige ons in edditien to the 
mentioned special iavestigniion before the start of reservoir constrac« 
tions, Systemnticel observations should be made on stream sources an 


sites h 
of bot tem investigations and the drewing of wixture lines 
\ng to Sehafferneck), Aa a dependable eslibration of the 
in genere (to bedlead and deposit } could serve 
extended measurements like theme of ur performed at 


roa the reservoir by operation bot tom discharge 
n {to be oe Ubrated], The storing 
poservoir for these purposes should acither be tec small ner too Large 
ia copier to anke © eeagure of the sedimentation inerease by the use of 
wank) dtn but covering the complete space of the storing surfsce 
ena uot only the dolte as it should de the case ot creat lakes, 


The further systenntioal investigations of stream em urses performed by 
the use of those calibrated instruments should tare up posatblest Long 
of time and possiblest at a number of sucesedinge pointe of 
e stream section in order to obtain alee the changes in relation 


a heavy bedioad freight mountelia chain whoo elewation gigant 
sediment esefficionts «herees in the cround plen one direction ta 
note down as tine end the other direction the ate ene of the 
longi tutinal direction of the stream, A vortices] ent inte the one or 
other direetion results every tine ia s “yaiuadbe iine of passace 
(Ganglinge), ‘These cauage lines can be eubetituted in one or the 
other direction by their aum passe lines which aceordiasly to Free 
indine proposed’ method of energy econamies! investice tions 


or * changing strote chennel. cherecteristies, Yor 2 demonatration ws 
to 


1 


 Qombines and toperreokice) roprecents a heavy bedleed aun gage plates 


The eyntemtical seren tiene should porticuler indleste the reletion 
de tenen the pele yd Ane properties of the preeivitetion aren the 
etreen bed and the reservoir ao thet ong hee tc nere later et 


a1 1 ennen only a part of the expensive heevy bedload freight 


; of long duration and otherwise help oneself ty eatimation 


— vampeetive calculation 
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18 eGunstruetion shoulé nn tray concern just such similer cesue of 

ale expoerionecs of the upper heavy bedlead condition of the 
etroen course and should be otudied very inteseively, They cleo 
should sever a possiblest Leng period of time wherefore seein one 
aboald ¢hoome such stream seetions for tie parfor anes of syste tical 
Gdeorvations at which the construction of the dan 1 te be ran id 
emi where apecial investigations are to be anda. 


eo re: 
. heave to do the preparatory work in a moot precisely ways 
¥e will mention the observations wines 1024 on the leech at Museen 


near Vienna an the careful aseouremente on the Ian naar FArchblohl 
and others. 


The discovery of heavy meterial freight sveve and below (very 
important$) in connection with: 


he 
De tion of the sedimentation progress by -rofile measurenents 
(cng eres the atert of cétistrugtion|) cress ant Lesci tudinal 
determination of mesa (Measensmamonpleanc).» 
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ef aleving of the transported heavy motertal sr the 
depositing at diverse pointe end the heavy meoterial 
below the dag plotting of mixture lines. 
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Os veletive connestions butwoon weight and depenit volume of the 
heavy n ru . 


. in emmnection with the upper ohaerrations nene water measures 
have to be made, Of course it ald be ver val om if ald 
observe tions end experiences varticulerly these disacreenble anes 


‘ 4 Setentod messurenente et the first monthe «f eaeh yeor are ards ot 
tee the Ingwork Jettenbaeh at the tine of IY upon the desto eaperienoan 
below the dia charze are ineludet, ‘One meagured in 77 kn stream Length 
tor 20 ahove and 40 kx below the dam e en above the end of the 
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